Introduction
Calcium hydroxide (CH) is the material of choice for intracanal medication in Endodontics (1, 2) , and its effects include antimicrobial activity (1-4), capacity to limit root resorption (2, 5, 6 ) and promotion of periapical repair (2, 4) . Different substances, like distilled water, saline and propylene glycol have been combined with CH powder to prepare pastes (1, 2, 4, 7) to obtain a material with adequate consistency and enhanced antimicrobial capacity.
Propolis is a natural, non-toxic resinous substance produced by honeybees from products collect from several types of plants and used for sealing and protection of beehives (8) . It has recognized anti-inflammatory (8) , antimicrobial (8) (9) (10) (11) (12) , antifungal (8) (9) (10) and scar-healing properties (8, 10, 13) . Because of its excellent characteristics, propolis has been suggested as an intracanal medication in Endodontics (11, 12) .
de Rezende et al. (14) evaluated the antimicrobial capacity of a CH and propolis pastes: paste 1 (propolis ethanol extract + CH) and paste 2 (non-alcoholic propolis extract + CH). The authors observed that the pastes were effective, with larger zones of microbial growth inhibition around paste 2. Montero and Mori (15) demonstrated the diffusion capacity of a CH and propolis paste through the dentinal tubules, suggesting its use as an intracanal medication.
Although the antimicrobial capacity and transdentinal diffusion of the paste have been demonstrated, evaluation of its biocompatibility with the tissues is fundamental. This study evaluated the biocompatibility of a experimental paste of CH and propolis in the subcutaneous tissue of rats. The biocompatibility was determined according to the inflammatory reaction in contact with the experimental paste compared with empty tube (negative control) and zinc oxide (positive control).
Material and Methods
The study was approved by UNOESTE Institutional Review Board on Animal Experimentation (Protocol #542).
Fifteen male Wistar rats (Rattus norvegicus, albinus) weighing 180-200 g were used. During the study, the animals were kept in cages identified according to the group and study period. The animals were fed solid ration, except for the preoperative 12 h, and had water ad libitum.
For surgical interventions, the animals were anesthetized with a combination of ketamine hydrochloride (Dopalen; Sespo Indústria e Comércio Ltda, Paulínia, SP, Brazil) and xylazine hydrochloride (Anasedan; Agribrands do Brasil Ltda, Paulínia, SP, Brazil) by intramuscular injection, at a dose of 0.05 mL/100 g weight for each substance. Anesthesia was delivered using a disposable insulin syringe.
Thereafter, 60 sterile polyethylene tubes with 1.3 mm internal diameter and 10 mm length were selected and divided in three groups: Negative control (NC; n=15): the polyethylene tubes were kept empty; Positive control (PC; n=15): the polyethylene tubes were filled with zinc oxide and eugenol, prepared according to the manufacturer's instructions (Biodinâmica, Lobato, PR, Brazil); Experimental group (EG; n=30): the polyethylene tubes were filled with the experimental paste prepared with 1 g of CH powder (Biodinâmica) and 2 mL of 11% non-alcoholic propolis (Apis Flora, Ribeirão Preto, SP, Brazil). Size 15 K-files were used to deliver the material inside the tube and pediatric excavators were used for material condensation. The tubes were completely filled with the materials.
The back of the animals was shaved and cleaned with 0.12% chlorhexidine (Periogard; Pfizer Ltda, Santo Amaro, SP, Brazil). Two incisions were made in the median dorsal region (upper and lower regions of the dorsum) using a #15 scalpel blade (Embramac Exportação e Importação, Itapira, SP, Brazil). Lateral to the incisions, the cutaneous tissue was pinched and the tissue was dissected using blunt-end scissors. The tubes were then introduced in the subcutaneous tissue. Each animal received four tubes, two in the upper region of the dorsum (NC on the right of the incision and EG on the left) and two tubes in the lower region of the dorsum (PC on the left of the incision and EG on the right). The border of the incisions were sutured with nylon 5-0 (Ethicon; Johnson & Johnson, São José dos Campos, SP, Brazil).
After 7, 14 and 30 days, 5 animals were euthanized by anesthetic overdose. The tissues containing the tubes were removed and fixed in 10% neutral formalin for 48 h. The tubes were then removed from the tissue and the specimens were embedded in paraffin. Longitudinal sections 5-mm thick were obtained at every 50 mm, adding up to 12 sections per specimen. The sections were stained with hematoxylin and eosin and analyzed by light microscopy.
The histological sections were analyzed considering the presence and type of inflammatory process, proliferation of connective tissue or occurrence of destructive processes, as abscesses or tissue necrosis. The intensity of the inflammatory process was classified by established scores, varying according to the intensity of the inflammatory process: score 1 = non-significant; score 2 = mild; score 3 = moderate; score 4 = severe. The criterion for classification of different degrees of inflammation and tissue reaction was established following standardized recommendations for biological evaluation of dental materials (16) .
Scores were assigned by an experienced blinded examiner and organized in specific sheets. Data were analyzed statistically by Tukey's test at 5% significance level.
Results

Negative Control (Empty Tube)
The analysis of histological sections confirmed the biocompatibility of the empty tube with the connective tissue. At 7 days, there were poorly organized collagen fibers and young fibroblasts. Small areas exhibited neutrophils and clotting regions. Inflammation was non-significant in most sections (Fig. 1A) . At 14 and 30 days, the connective tissue was well organized, with collagen fibers, fibroblasts and blood vessels (Fig. 1B,C) . In several sections, especially at 30 days, there was great proliferation of dense connective tissue toward the inner part of the tube.
The analysis of scores did not demonstrate statistically significant differences in relation to the inflammatory process among the study periods.
Positive Control (Zinc Oxide-Eugenol Paste)
Microscopic analysis of histological sections confirmed the irritability of zinc oxide-eugenol with the connective tissue. The inflammation was moderate or severe in most sections, without statistically significant difference between the study periods.
At 7 days, there was great quantity of blood clots and inflammatory cells, especially neutrophils (Fig. 1D) . Some abscess areas were observed. Some sections exhibited poorly organized collagen fibers and young fibroblasts. At 14 and 30 days, the connective tissue was better organized, with presence of collagen fibers, fibroblasts and blood vessels; however, a large number of neutrophils and macrophages was observed (Figs. 1E, F) .
Experimental Group (CH and Propolis)
At 7 days, the histological sections were characterized by the presence of young collagen fibers, some fibroblasts, clot areas and proliferating blood vessels. The inflammatory process was present in several sections; in some of them, inflammation was moderate to severe, with great quantity of neutrophils (Fig. 1G) .
At 14 days the inflammation was reduced, insignificant or mild in most sections. Some sections exhibited lymphocytes and macrophages, characterizing moderate inflammation. Onset of connective tissue formation with collagen fibers, fibroblasts and blood vessels was also observed (Fig. 1H) .
At 30 days, there was great formation of dense connective tissue, with mature fibroblasts, organized collagen fibers and few blood vessels (Fig. 1I) . In some sections, tissue proliferating toward the interior of the tube was observed. Inflammation was insignificant or mild in most sections; some presented inflammatory cells characterizing moderate inflammation.
Comparison of scores in this group revealed statistically significant difference between 7 and 30 days (p<0.05), confirming the reduction of the inflammatory process.
Comparison between NC and PC revealed statistically significant difference in all study periods (p<0.05) ( Table 1) , indicating the difference in tissue response to the materials. PC at 7 days was different from NC in all study periods and from PC at 30 days. PC at 14 and 30 days was significantly different from NC, in all study periods (Table 1 ). This demonstrates that the experimental paste was irritating at 7 days, but it was biocompatible at 14 
Discussion
The compatibility of dental materials with living tissues is fundamental to avoid risk for the patients (17) . Biocompatibility is the ability of materials to avoid inadequate responses in use (17, 18) . Several tests may be used to evaluate the reaction of cells and tissues to the presence of materials (17, 18) , the most common being cytotoxicity assays, genotoxicity assays, bone implants and subcutaneous implants (17) . Even though the cytotoxicity assays are faster, their results may not be extrapolated to the clinical practice (17) .
According to the American Dental Association (19) and the Fédération Dentaire Internationale (20) , the implantation method is considered a valid test to investigate the biocompatibility of materials. More specifically, implantation of materials in the subcutaneous tissue of small animals like rats is considered a reliable and adequate test to evaluate the biocompatibility of materials (17, 18, (21) (22) (23) . The material may be introduced in the tissues inside polyethylene tubes (17) . The use of tubes is recommended because they are not irritant to the tissues (17, 18, (22) (23) (24) (25) and prevent material diffusion in the tissues, simulating the clinical conditions of medications applied in the root canal (23) .
A biocompatible material should present low toxicity without promoting inflammatory reaction (16, 18, 21) , which should be insignificant when present (16, 18, 21) . Silveira et al. (22) stated that a material is considered biocompatible if the inflammatory reaction is reduced to insignificant along with time.
In the present study, empty tube served as negative control because it is an inert material and allows for the formation of connective tissue in contact with its surface (22) (23) (24) (25) . Zinc oxide-eugenol paste served as positive control because it is known as an irritating material for the tissues. The irritating potential of zinc oxide-eugenol has been extensively demonstrated, characterized by the formation of areas of tissue destruction and presence of severe inflammation (18, 22, 24, 25) and discrete presence of newly formed connective tissue (24) . The results of the present study are similar to previous findings, since the inflammation levels were minimal in NC and high in PC. Great formation of connective tissue was observed in NC and the opposite scenario was observed in PC.
Comparison between control and experimental groups showed that the experimental paste was irritating to the tissues at 7 days, which was not observed at 14 and 30 days. According to Hauman and Love (17) , CH is a well-tolerated material in the periapical region, and some inflammatory reaction may be observed in the first two weeks after contact with the tissues. Silveira et al. (22) considers a material as biocompatible if the inflammatory reaction is significantly reduced with time. Thus, it may be considered that the CH and propolis paste was biocompatible with the rat connective tissue, since the inflammatory reaction observed in the initial period was significantly reduced with time (p<0.05). Also, newly formed connective tissue was observed in the area contacting the experimental paste, which corroborates the absence of irritating stimlus.
Considering the present results, it was concluded that the tested experimental paste was biocompatible. This characteristic combined with its antimicrobial action (14) and capacity to diffuse through the dentinal tubules (15), support its indication as an intracanal medication. Further confirmatory in vivo studies as well as studies on necrotic teeth and/or with periapical lesions should be conducted to substantiate the clinical use of this paste.
Resumo
Medicações intracanais são fundamentais para a desinfecção do sistema de canais radiculares e para a participação no reparo, a biocompatibilidade dos medicamentos deve ser considerada para não danificar os tecidos. Assim, esse estudo avaliou a biocompatibilidade de pasta experimental de hidróxido de cálcio associado à própolis em tecido subcutâneo de rato. Esse estudo foi conduzido em 15 ratos machos. Duas incisões foram feitas na região dorsal de cada animal para a introdução de 4 tubos. Um tubo estava vazio, um tubo tinha óxido de zinco e eugenol e os outros foram preenchidos com pasta experimental. Após 7, 14 e 30 dias, os animais foram mortos e os espécimes foram submetidos a preparação histotécnica. Os cortes histológicos foram analisados em microscópio de luz. Escores foram estabelecidos de acordo com o processo inflamatório e comparados estatisticamente por meio do teste de Tukey (p<0,05). A análise dos cortes histológicos evidenciou insignificante ou discreta presença de reação inflamatória em contato com o tubo vazio em todos os períodos estudados, enquanto que o tecido conjuntivo em contato com o óxido de zinco e eugenol mostrou inflamação moderada ou severa sem diferença ao longo dos períodos estudados. O tecido conjuntivo estava com inflamação moderada aos 7 dias quando em contato com a pasta; no entanto, aos 14 e 30 dias, o processo inflamatório foi discreto ou insignificante. A pasta experimental foi biocompatível com os tecidos após o 14 o dia.
